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Abstract 
In this paper spatial and temporal dimensions of technical innovation 
will be dealt with in both a theoretical and an empirical sense. 
Various recent research findings indicate that it is very difficult to 
measure innovation or 'innovativeness' empirically. Consequently, a 
first aim of this papej: will be to make a systematic typology of 
different innovations. 
As far as the regional context is concerned, a theoretical framework 
will be designed from which one can deduce which regions will most 
likely 'specialize' in which kinds of innovations. In this respect, 
for example, we assume the central (metropolitan) areas to be in a 
favourable position regarding high quality product innovations, while 
the more peripheral zones will be more oriented towards process 
innovations. 
Next, the above-mentioned framework will be tested by means of a multi-
variate logit analysis. In the analysis, using industrial survey data 
among nearly 1850 industrial firms in the Netherlands, we will test 
whether - and to which degree - the regions distinguished in our ana-
lysis exhibit (statistically significant) innovation patterns in 
accordance with the above-mentioned assumptions. To avoid arbitrariness 
and to test for 'spatial robustness' of the results, we will distinguish 
varying spatial scales ranging from peripheral to central areas. 

- 1 -
Prologue 
In recent years innovation research has increasingly been linked to product 
life cycle analysis. The revival of the 'long waves' debate, the increasing 
interest in Schumpeterian economie dynamics and the analysis of portfolio 
cycles reflect the view that new 'technical regimes' are to be regarded as 
the vehicles of qualitative structural changes and of (quantitatively and 
qualitatively) more favourable employment conditions. 
This observation has clearly also important regional dimensions. Regions 
are to a large extent the 'workfloor' of industrial innovations; they may 
provide the platform for new activities, but at the same time also embody 
obstacles for new evolutionary patterns. Consequently, an unequal regional 
innovation potential will - in the medium and long run - have dramatic 
impacts on the dispersion of new industrial activities within and between 
nations, as can already be observed in various countries like the USA, 
Great Britain, Germany and France (see among others Malecki, 1979; Oakey, 
1981; and Aydalot, 1984). Thus the regional component of technological 
dynamism deserves closer attention. 
In this context, an important analysis framework for connecting innovative 
behaviour with economie fluctuations in a spatial setting is offered by 
the innovation-incubation (I-I) hypothesis (see e.g. Davelaar and Nijkamp, 
1987). The I-I hypothesis takes for granted that central (or urban) regions 
tend to specialize in generating new products (seen from a macro-economie 
viewpoint), whereas non-central areas tend to specialize in the (often 
large-scale) production of (mature or Standard) commodities that were 
originally designed and introduced in the centre. Consequently, non-central 
areas tend to specialize more in process innovations than in product innova-
tions. Clearly, if this I-I hypothesis were true, the result would be a 
geographical specialization of different types of innovations. 
Such geographical patterns have been studied from different angles: 
a) sectoral. Sector studies analyse the regional distribution of specific 
sectors that are regarded as important candidates for industrial innova-
tions (e.g.,micro-electronics, aircraft, food processing, etc.) (see 
among others De Jong and Lambooy, 1984; Alders and De Ruyter, 1985). 
By comparing the spatial concentration of such sectors with the spatial 
pattern of total industry (e.g., via a location quotiënt method), 
the degree of - innovativeness of regions can be gauged. 
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• b) entrepreneurial. Entrepreneurial studies deal with the micro features 
of specific individual firms (e.g., the type of R & D expenditures, the 
•use of venture capital, etc.) (cf. Kleinknecht and Mouwen, 1985; Kok 
et al., 1985). Also the achievements of such firms (in terms of output) 
are usually taken into consideration. 
c
^ regional. Such studies focus attention on the production environment 
and the production structure (offered by a given region) which are 
relevant for favour'ing industrial innovations. Thus the latter type of 
approach is mainly addressing itself to the external conditions for 
innovative behaviour (see e.g., Nijkamp, 1987). 
The approach adopted in the present paper is a blend of a), b) and c), 
though with a major emphasis on b). In particular, we will focus attention 
on the identification of the (relative) importance of specific features of 
firms with regard to various types of innovations and the regional dimen-
sions thereof. This analysis will be undertaken from the viewpoint of the 
above-mentioned I-I hypothesis. 
2. Analysis Framework 
The analysis of our I-I hypothesis will be based here on a relatively 
simple geographical demarcation of a country, viz. central, intermediate 
(or half-way) and peripheral areas. Clearly, more refined geographical 
subdivisions may be used (see e.g., Nijkamp, 1987), but in that case one 
runs sometimes the risk of almost empty cells for observations on various 
types of regions and of firms. Furthermore, this trichotomy has the advantage 
of incorporating also relevant geographical scale elements in terms of 
agglomeration and social overhead capital (see Davelaar and Nijkamp, 1986). 
Our case study for the Netherlands defines the above-mentioned trichotomy 
of central, intermediate and peripheral areas on the basis of standaxd 
statistical areas (so-called COROP areas) which altogether make up the 
above-mentioned 3 types of regions. Thus now we will test the I-I hypothesis 
that firms in central areas are more specialized in highly qualified product 
innovations, while firms in intermediate and peripheral areas are more 
specialized in process innovations. 
For a small country like the Netherlands it is however often assumed that 
the regional dimension is not strongly prevailing in industrial innovation 
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patterns. For instance, Pred (1977) has claimed that a densely populated 
country like the Netherlands may mainly be regarded as a (fairly uniform) 
urban field, whether or not such a uniformity is a valid assumption, will 
be further investigated in our case study. 
Our case study is based on a postal survey among approx. 1850 industrial 
enterprises in the Netherlands (see for more details also Kleinknecht, 
1987). One of the questions concerned the number of product innovations 
which were new to the firm and which were introduced in the base year 
(1983). The regional distribution of these product innovations is presented 
in Table 1 (process innovations exhibit an analogous picture). 
type of region 
number of firms peripheral intermediate central total 
with product innovations 
without product innovations 
235 
219 
404 
296 
358 
230 
1097 
745 
total 554 700 588 1842 
Table 1. Regional distribution of product innovations (1983) that are 
new to the firm. 
Addendum: x = 1-6 ; degrees of freedom (d.o.f.) - 2 . 
The latter table seems to support the assumption that the regional dimension 
is lacking in the innovation pattern in the Netherlands, so that the above-
mentioned I-I hypothesis is most likely not very plausible. However, before 
we reach this conclusion, a few relevant remarks have to be made here. 
(a) The use of cross-sectional data on regional innovativeness neglects the 
fact that various different types of innovations may have been considered 
each of them being positioned in different phases of a space-time trajectory. 
For instance, if we have two innovations (A and B) each of them being first 
generated in a central area but at different time periods, then at time t 
we may face a situation where innovation A may hardly anymore be adopted 
in the centre but on the contrary almost exclusively in intermediate and 
peripheral areas, whereas innovation B may still be mainly introduced in 
the centre. This incongruent space-time behaviour is pictured in Figure 1. 
Thus, in principle it might be possible that the regular spatial distribu-
tion of innovations from Table 1 conceals a qualitative difference in the 
creation and adoption rate of different types of innovation. Thus Table 1 
measures in fact more the global diffusion pattern of innovations than the 
creativeness pattern (whicn more closely relates to the I-I hypothesis). 
number of 
firms 
generating 
innovations 
in a certain 
time period t 
distance from the centre 
Figure 1. Space-time trajectories of two types of innovations. 
(b) Furthermore, it should also_ be noted that global innovation data often overloo: 
the differences in guality between product innovations, process innovations 
and mixed innovations (leave aside organizational innovations). This is 
particularly relevant in the framework of our I-I hypothesis, which assumes 
that the centre tends to specialize in qualitatively highly-valued product 
innovations, while remaining areas may concentrate on qualitatively highly-
valued process innovations. 
(c) Finally, bivariate methods (like those presented in Tab Ie 1.) are no doubt 
useful, but also limited in scope, as such two-way tables aggregate over 
other often relevant categories of explanatory variables of innovative 
behaviour, such as R & D expenditures, firm size, market structure etc. 
(see also in general on this issue, Bishop et al., 1977). 
Thus, our conclusion is that a test of the I-I hypothesis has to be done 
with great care. In order to take account of the foregoing remarks, a distinc-
tion has to be made between the creative aspect (the invention and introduc-
tion of new technologies) and the adoptive aspect (the spatial and sectoral 
diffusion of innovations). In order to avoid a wicked analysis of a cross-
sectional dataset, we have made the following subdivision of levels of 
innovativeness: 
(1) Diffusion of innovations. At this level it is important to identify the 
features and driving forces of firms which have introduced (product 
and/or process) innovations which are new for the firm concerned, but 
not for the sector the firm belongs to. This will be called the adoptive 
level. 
(A+B) 
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(2) General introduction of innovations. At this level the main interest 
is in whether firms have an innovative attitude, irrespective of the 
question whether this innovation is new for the firm or for the sector 
as a whole. This will be called the generic level. 
(3) Sectoral introduction of innovations. This level is concerned with the 
question whether a certain innovation is entirely new for the sector 
(and hence also for the firm) or not. This will be referred to here as 
the creative level. 
It is evident that especially the creative level is of great importance 
for testing the I-I hypothesis, as here we may plausibly assume the validity 
of the innovation cycle theory that central regions will specialize in 
product innovations of level 3, while remaining regions will specialize 
in process innovations of level 3. If'instead of Table 1 we now construct 
a new table, in which the number of firms which have introduced an innovation 
that is new to the sector, are being considered we get Table 2 (process 
innovations have a similar pattern). 
type of region 
number of firms peripheral intermediate central total 
with product innovations 
without product innovations 
455 
99 
567 
133 
475 
113 
1497 
345 
total 554 700 588 1842 
Table 2. Regional distribution of product innovations (1983) that are 
new to the sector. 
Addendum: x = 0.53; d.o.f. = 2. 
Table 2 still seems to be in contrast with our I-I hypothesis. Two remarks 
however are in order here. 
First, Table 2 does not provide any insight into the quality, the type and 
the socio-economic impacts of these innovations, so that the indigenous 
geographical pattern of these innovations might still differ. And secondly, 
it would be plausible to assume that in general the average quality, type 
and impact of innovations (in a sector, a firm, or a region) is co-determined 
by the level of R & D expenditures. Thus, R & D expenditures may provide a 
key explanation for the gualitative pattern of innovations across sectors 
and regions. This will however require the use of a multivariate analysis, 
in which multiple variables are simultaneously taken into consideration as 
explanatory variables. These variables selected here are: 
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(a) The market the firm operates on. Here a distinction is made between old 
and new sectors. Old-line sectors are defined as relatively traditional 
industrial activities which are mainly found in branches with SBI-codes 
20-27. In this respect, we may also introducé notions from product 
life cycles and innovation cycles (see also Abernathy and ütterback, 
1978, and Rothwell and Zegveld, 1985). It is then assumed that old-line 
sectors will focus more attention on process innovations, while new-line 
sectors will more specialize in product innovations. 
(b) The si-ze of a firm. In this context, a distinction has been made between 
medium size and large firms (with more than 100 employees) and small 
firms. 
(c) The existence of external R & D expenditures. Here the question is whether 
a firm has an entirely independent R & D division or whether it is (also) 
dependent on extramural R & D research. It seems plausible to assume 
that the socio-economic impact of innovations will be higher, as the 
level of external R & D is higher. 
(d) The presence of an internal R & D division. Here 3 possibilities do exist: 
- the firm has its own R & D division; 
- the firm has no own R & D division, but has at least R & D activities 
undertaken by other divisions; 
- the firm has no R & D activities. 
The foregoing explanatory variables will be now be dealt with in the frame-
work of a logit analysis. Separate analyses are carried out for product and 
process innovations. In both cases, not the question concerning the nn"^»-
of innovations is regarded as relevant, but only at which of the 3 above-
mentioned levels a firm has innovated (see also Hansen, 1986). 
Our logit model is treated and estimated according to the guidelines of 
Bishop et al. (1977) (i.e., the sum total of parameters over the various 
categories of all main and interaction effects is equal to zero). The logit 
model is particularly suitable for our purposes, as it identifies the 
relevance of various explanatory (categorical) variables in combination 
with other variables of the model. The estimation procedure itself will not 
be treated here. In all cases, the 'optimal' model appeared to fall in 
between a model with all main effects and a model with all first-order inter-
action effects. 
1) SBI-codes refer to the official Dutch Standard Statistical Classification 
of economie sectors, made by the Central Bureau of Statistics. 
The results are presented in Annexes 1 and 2; The dependent variable is in 
all cases the firm which is introducing innovations at one of the three 
above-mentioned levels. In the explanatory part we have used the main 
effects with respect to the above-mentioned explanatory variables and those 
with respect to the above-mentioned regional subdivision. In all cases, 
interaction effects have only been included if they led to a significant 
improvement of the statistical fit. The results will be discussed in more 
detail in section 3. 
3. Results 
3.1 Main effects 
The results with regard to the main effects of our logit analysis will be 
discussed here in a concise manner. 
(1) The effect of old and new sectors shows a mutually contrasting pattern 
for product and process innovations. In case of product innovations there 
is a positive relationship between new sectors and the third (creative) 
level of innovations, whereas in case of process innovations the old sectors 
then become increasingly important. Thus, old sectors are more oriented 
toward the creation of process innovations, while new sectors are more 
oriented toward the creation of product innovations. This result supports 
the above-mentioned innovation cycle hypothesis. 
(2) If we compare the adoptive level with the creative level, then we find 
that for both product and process innovations the effect of external R & D 
is larger at the creative level than at the adoptive level. In addition, 
the importance of external R & D is - for equal levels of innovation -
larger for the adoption/creation of process innovations than that of product 
innovations. 
(3) in general, the importance of large firms is increasing with a rise in 
the level of innovations. Especially for process innovations the impact of 
large firms is evident, but with respect to product innovations small 
firms appear to keep pace with large firms. However, at the third (creative) 
level large firms appear to perform significantly better than small firms, 
both for product and process innovations. On the other hand, small firms 
appear to score relatively well with regard to the adoptive (diffusion) 
level °f product innovations. 
(4) The meaning of an own R & D division (and of own R & D activities) in a 
firm appears to be higher at the creative level than at the adoptive level. 
Thus, internal R & D expenditures are especially important for a firm, if 
it wants to generate (and not to adopt) new innovations. But the role of 
these R & D expenditures is less relevant for process innovations than 
for product innovations. 
3.2 Interaction effects 
In the present subsection the most significant results of our logit analysis 
for the first-order interaction effects will be briefly discussed. 
(1) The sector * firm size effect shows that small firms operating in old 
sectors have a poor performance for all 3 levels and both types of innova-
tions (product and process). Large firms in old sectors on the other hand 
are relatively successful in terms of 
process innovations. Small firms in new sectors score reason-
ably we 1.1 for all 3 levels of product innovations, but are relatively weak 
with regard to process innovations. Finally, large firms in new sectors 
appear to be relatively strong at the creative level of product innovations 
(but weaker at all levels of process innovation). 
(2) The internal R & D * external R & D effect appears to discriminate only 
weakly at both the adoptive and the generic level of process innovations. 
Apparently firms with both internal and external R & D activities do not 
use both activities for the same purposes (viz. adoption of process innova-
tions) , but for different purposes (viz. either creation of process innova-
tions or development of product innovations). 
(3) The firm size * internal R & D effect shows that small firms with an 
own R & D division perform very well at all levels of product innovations, 
especially at the adoptive and generic level. At the creative level of product 
innovations those small firms are slightly lagging behind compared to large 
firms with an own R & D division, but are scoring equally in comparison 
with large firms without an R & D division but with R & D activities else-
where in the company. Surprisingly however, small firms with an own R & D 
division perform much worse for all levels of process innovations. Large 
firms have here a much stronger position, viz. a high score for creative 
process innovations of large firms with an own R & D division, and a high 
score for adoptive and generic process innovations of large firms without 
a special R & D division but with R & D activities elsewhere in the company. 
Thus at the creative level of both product and process innovations large 
firms with an own R & D division appear to have a good performance. In terms 
of product innovations also the position of small firms with an own R & D 
division is relatively favourable, while in terms of process innovations 
large firms with R & D activities elsewhere in the company have a good 
performance. 
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3.3 Regional aspects_of product innovations 
Having discussed now in general terms various important dimensions of innova-
tive behaviour, we will now turn to a test of the above-mentioned I-I 
hypothesis by paying attention to the regional dimensions of innovations 
at the creative Ievel. As this hypothesis assumes a specialization of 
product innovations in the centra and of process innovations elsewhere, 
both types of regions will successively be dealt with (in subsection 3.3 
and 3.4, respectively), by using again the above-mentioned logit model for 
multivariate analysis. 
For each of the 3 types of region a separate logit model has been estimated. 
A surprising outcome in all separate model results appeared to be the 
existence of regional differences in the parameter related to the explanatory 
variable 'own R & D division', especially with regard 'to creative product 
innovations. The general pattern of this parameter appeared to exhibit a 
geographical pattern indicated by Figure 2. 
f 
value of parameter ' .... 
with regard to 
'own R & D division' 
central intermediate pheripheral 
Figure 2. Regional differences in the effect of 'own R & D division' 
on creative product innovations. 
This picture shows that the presence of an 'own R & D division' in a firm 
- as mentioned before, an important condition for product innovations at 
the third (creative) level - is more significant in the centre than else-
where. This result supports an I-I hypothesis that the centre is marked by 
a concentration of creative and qualitatively hiqhlv-valued product innova-
tions, while this degree of specialization declines according to a distance-
decay function from the central zone onward. 
The region x own R & D division effect measures the degree at which in the 
centre the parameter related to 'own R & D division' differs 
from that in the periphery. The results also appear to be statistically 
sicmificant at the 8% level (see also Annex 1). 
Another interaction'effect concerns the sector * region dimension. Here it 
turns -out that in the intermediate zones the role of new sectors is more 
important than in the periphery, and that the periphery scores higher in 
terms of old sectors. Also in this case the regional effect appears to be 
significant (8 % ) . 
In conclusion, the first part of our I-I hypothesis appears to be confirmed 
by the results from the logit analysis for product innovations at the 
creative (third) level. 
3.4 Regional_aspects_of_process innovations 
As mentioned above, the second part of the I-I hypothesis takes for granted 
that the centre will not have a dominant position as an incubation place for 
new process innovations. 
First, we will show some interesting results from the analysis of the 
region * external R'& D effect in our logit analysis. The geographical 
pattern of the parameter related to 'external R & D' is presented in Figure 3. 
value of parameter 
with regard to 
'external R & D' 
central intermediate peripheral 
Figure 3. Regional differences in the effect of 'external R & D' on 
creative process innovations. 
It has already been shown above that the use of 'external R & D'. is an important 
condition for process innovations at the creative level. This - together with 
Figure 3 - supports our hypothesis that intermediate regions (and to a lesser 
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extent peripheral areas) specialize in the creation of qualitatively highly-
valued process innovations. The results of this analysis appear to be clearly 
statistically significant (3 %) (see also Annex 2 with respect to variable 
HULP). 
If we add to the previous model for main effects also" the main (significant) 
region effect, then we may conclude that peripheral areas have an overall 
higher propensity to carry out creative process innovations. 
In conclusion: the regional pattern of process innovations is in agreement 
with the expected pattern emerging from the I-I hypothesis. The intermediate 
zones appear to score relatively high in terms of creative high quality 
process innovations (foliowed by the periphery), while the periphery performs 
reasonably well in terms of propensity to innovate. In both cases the centre 
has a much lower performance. 
4. Conclusion 
Our analysis has identified - by means of a multivariate logit analysis -
important driving forces of innovative behaviour. The role of internal (own) 
R & D for product innovations appeared to be very important at all 3 levels 
on innovation (adoptive, generic and creative). However, in case of process 
innovations external R & D also appeared to be of great importance. 
The results for various types of firms (e.g., small vs. large, old-line vs. new-
line industries) appeared to vary with the type of innovation (product vs. 
process) and the level of innovation. For instance, small firms with an own 
R & D division appear to have excellent results at all 3 levels of product 
innovations, but poor results at various levels of process innovations. 
Beside, large firms with an own R & D division turn out to perform very well 
at the creative level of both product and process innovations. 
These results have clearly important implications for industrial and regional 
innovation policy. For instance, if one wants to stimulate product innovations 
at level 3 one has to oriënt policy measures to a different set of firms 
compared to a stimulation of generic innovations. The difference between 
creation and diffusion (leading to 3 levels of innovation) turns out to be 
of great importance in the regional dimensions of innovative behaviour. 
Especially in the context of the I-I hypothesis, the creative level of innova-
tion is of paramount relevance here. Despite the cross-section data, our 
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test has brought to light the existence of a space-time trajectory of 
innovations which is closely connected with product life cycle theory. 
Thus the central zone appears to generate more (high quality) creative 
product innovations than any other zone, while the non-central zone (mainly 
the intermediate zone foliowed by the peripheral zone) appears to perform 
reasonably we11 in terms of creative (high-quality) process innovations. 
The peripheral zone as such has a higher overall tendency to introducé creative 
process innovations than the central zone. In conclusion, the I-I hypothesis 
has - despite some seemingly paradoxical evidence provided by a superficial 
glance at overall empirical data on innovations - some relevance at the' 
level of a small country like the Netherlands. 
/ 
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APPENDIX 1 Estimated Logit Models with respect to Product Innovations. 
Level 1 Level 2 Level 3 
Variable Estim. 
* 
Signific. Estim. Signific. Estim. Signific. 
REGl 
-0,082 - -0,0217 - -0,034 -
REG2 0,12 - 0,1113 - -0,02 -
BRANl 0,12 1,88 -0,0847 -1,42 -0,2425 -3,4 
ERD1 0,144 1,6 0,1833 3,04 0,21 3,13 
WERK1 0,1576 1,5 0,0497 0,5 -0,1365 -1,96 
RDAl 0,8.597 6,76 1,27 11,3 0,9689 7,75 
RDA2 0,5057 4,16 0,68 6,85 0,7064 6,32 
BRAN1 * WERK1 -0,2015 1 % -0,1277 1 % 
WERK1 * RDAl 0,08 3 % 0,089 6 % 
WERK1 * RDA2 -0,2423 -0,2023 
REGl * RDAl 0,2098 8 % 
REG2 * RDAl 0*04 -
BRANl * REG2 -0,1548 8 % 
BRAN1 * REGl 0,016 -
Legenda 
REGl = effect with respect to central zone 
REG2 •= effect with respect to intermediate zone 
BRANl = effect with respect to 'old line industries' 
ERDl = effect with respect to external R & D 
WERK1 = effect with respect to small (W<_100) firms 
RDAl = effect with respect to 'own R & D' department 
RDA2 = effect with respect to R & D by other divisions 
With respect to all the interaction effects and the main effects REGl and REG2 
we compared the improvement in the log-likelihood ratio with the change in the 
degrees of freedom. With respect to the remaining main effects we mentioned 
the ratio between the estimated coëfficiënt and its Standard error (this ratio 
is asymptotic normally distributed). 
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APPENDIX 2 Estimated Logit Models with respect to Process Innovations. 
Level 1 Level 2 Level 3 
Variable 
REG1 
REG2 
BRANl 
ERD1 
WERK1 
RDAl 
RDA2 
ERD1 * RDA1 
ERD1 * RDA2 
HULP 
Estim. Signific. 
0,054 
0,0117 
0,01846 0,34 
0,1915 2,53 
-0,066 -0,96 
0,1321 1,22 
0,2734 2,98 
-0,0587 "\ 5 % 
-0,2193 i 
Estim. Signific. 
-0,03 
-0,063 
0,0746 1,32 
0,3363 4,9 
-0,2371 -4,9 
0,3594 3,82 
0,2839 3,46 
-0,0757 1 6 % 
-0,1964 
Estim. Signific. 
-0,1586 6 % 
-0,0462 
0,1402 1,71 
0,3257 3,85 
-0,3894 -4,49 
0,6424 4,73 
0,3212 2,66 
0,2116 3 % 
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